The widespread presence of adenoviruses in various species makes it probable that a carrier state and infection also exist in cats; this could be proved earlier. On the basis of these considerations investigations were carried out to perform an epidemiological survey in 100 randomly selected feline sera from the Czech Republic. Antibody detection was carried out in a group-specific indirect ELISA employing purified adenovirus hexon antigen. The adenovirus seropositivity was found to be 25% among the samples tested. Domestic short-haired cats (28%) and females (34%) showed increased infection rates. Among the 6 retrovirus-infected cats 3 males with outdoor access were seropositive. Cats showing respiratory and gastrointestinal symptoms gave high prevalence. These results are similar to those found in other species and feline populations and reflect on the natural adenovirus infection of cats in the Czech Republic.
Since the first isolation of adenoviruses (Rowe et al. 1953; Hilleman and Werner 1954) about 130 serotypes have been described from different mammalian and avian species (Boros et al. 1985; Mautner 1989; Russell et al. 1995) . Presence of adenoviruses has been verified by histopathology and electron microscopy (Ishibashi and Yasue 1984) in poikilotherm species, such as amphibians (Clark et al. 1973) , reptiles (Jacobson 1986) , and even in fish (Jensen and Bloch 1980) . Adenoviruses are grouped in two genera on the basis of their origin and genus-specific antigens. The Mastadenovirus genus includes serotypes isolated from humans and mammals, while adenoviruses coming from birds belong to the Aviadenovirus genus (Russell et al. 1995) . Occurrence of mastadenoviruses has been verified by isolation and characterization in 9 mammalian species apart from the humans (Russell et al. 1995) . The actual number of adenoviruses in a given species depends rather on the effort made on isolation than on the frequency of occurrence (Wadell 1984) . Grouping of adenoviruses of animal origin is generally done after the host species, e.g. simian, canine, bovine, ovine, rabbit and so on (Bartha and Áldássy 1964; Belák and Pálfi 1974; Bodon et al. 1979; Belák 1980; Baber and Condy 1981; Ishibashi et al. 1984; Adair et al. 1986 ).
Up till now, adenoviruses have not been isolated from cats or other Felidae, although their presence had been demonstrated. The presence of adenovirus was proved in a cat by light and electron microscopy (Kennedy and Mullaney 1993) . Only one case of adenovirus infection in Felidae (black panther) was published. The suspicion of an adenovirus infection arose from the pathological changes and histopathology (Gupta 1978) . On the basis of experience with other species, one can presume that subclinical infections also occur in cats. A serosurvey has been performed on samples from different European countries, where the infection rate was found to be 10-20% (Lakatos et al. 1996) . Detection of adenovirus hexon gene sequences was successful from a single adenovirus seropositive cat suffering from hepatic failure (Lakatos et al. 1999) . Clinical signs of a systemic adenovirus infection may be expected more frequently in cats with acquired or congenital immunodeficiency (Barker and van Dreumel 1985; Dungworth 1985) . Since the host spectrum of adenoviruses is rather narrow (Timoney et al. 1988 ), a genuine adenovirus of cats may be expected.
The feline leukaemia virus (FeLV) and the feline immunodeficiency virus (FIV) have been isolated worldwide as the causative agents of acquired immunodeficiency in cats (Matteucci et al. 1993; Beebe et al. 1994) , and the occurrence of the latter virus infection has also been diagnosed in Hungary (Lakatos et al. 1992) .
Adenoviruses play a relevant pathological role frequently in HIV-infected humans (Sabin et al. 1999 ) and certain human adenovirus serotypes were isolated exclusively from patients suffering from HIV infection (Hierholzer 1992) . These facts also suggest the possible existence of a genuine adenovirus in cats.
In our experiments, the presence of specific antibodies to adenovirus antigens was demonstrated in cats. The aims of this study were: 1. to detect adenovirus infection in cats originating from the Czech Republic, and 2. to trace groups/populations where infection is accumulated.
Materials and Methods
To detect antibodies against adenovirus antigens, altogether 100 serum samples were tested. These feline sera collected from cats throughout the Czech Republic (mainly from Prague, Brno and Ostrava regions) originated from the serum bank of the Small Animal Clinic at the University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic. As history data breed, sex (male or female), age (years) of the cats, access to outdoor (kept outdoor or indoor), clinical status, the reason for clinical examination and qualitative results of the feline immunodeficiency virus (FIV), and feline coronavirus (FCoV) antibody detection and feline leukaemia virus (FeLV) antigen detection (positive or negative) were included in the study. The proportion of castrated animals was low (8%), so they were not grouped separately. FIV, FeLV and FCoV tests were performed with commercially available reagents.
As adenovirus group-specific ELISA antigen purified human adenovirus type 1 (HAdV-1) hexon antigen was prepared. HAdV-1 was propagated on HEp-2 cells, and the soluble antigens were purified by repeated anion exchange chromatography on DEAE Sephadex A-50 (Pharmacia, Sweden) (Ádám et al. 1988) . In indirect ELISA experiments (Lakatos et al. 1996) , wells of 96-well polystyrene plates (Falcon) were coated with purified HAdV-1 hexon antigen at 20 µg/ml final concentration. The antigen, the serial dilution of sera, the biotin conjugate (BiotinantiCat, Sigma), the streptavidin-HRPO conjugate (Extravidin, Sigma), the substrate (OPD), as well as the 2 M H 2 SO 4 used for stopping the reaction were applied in 50 µl quantities. Washing between the subsequent steps was carried out with PBS. The optical density (OD) was measured at 492 nm wavelength in an Anthos 2010 spectrophotometer. When evaluating the results 4 x OD of the negative control serum was taken as cut-off. The history data and the adenovirus serological test results were evaluated using chi-square tests and Fisher's exact tests.
Results
In indirect ELISA, 25% of the studied feline serum samples showed positive reaction with the adenovirus hexon antigen being in accordance with other results (Lakatos et al. 1996) . The 95% confidence interval for the population was between 17 and 34%. With rising age the seropositivity rose from 17% to 41% (Table 1) . This difference between age groups was significant (p = 0.0480). Under 1 year of age the adenovirus antibody prevalence was higher (57%), but the statistical sample was only based on the results of 7 cats. Domestic shorthaired cats and cats with outdoor access gave higher rates (28%) compared with persians (20%). The seropositivity among female cats was 34%, while males gave a lower prevalence with 18%. The mean age of the seronegative and seropositive cats was the same with 3.1 years. The 6 retrovirus-infected cats (1 FIV-infected and 5 FeLV-infected ones) showed higher prevalence: 3 males (1 FIV positive and 2 FeLV positive) with outdoor access tested seropositive for adenovirus (50%), while 22 samples of the 94 retrovirus negative animals tested adenovirus positive (23%). The FCoV serological status was available in the case of 61 animals, and 4 of the 12 coronavirus antibody carrier animals tested adenovirus seropositive (33%). The group of 49 animals negative for FCoV antibodies was close to the average adenovirus antibody prevalence with 24%. All these differences were not significant (p > 0.05) between the adenovirus seropositive and seronegative groups in breed (p = 0.420), sex (p = 0.076), access to outdoor (p = 0.290), retrovirus serological status (p = 0.130) and FCoV infection (p = 0.550). The source of the samples and the reason for testing did not have any influence on the results (p = 0.528 and p = 0.319, respectively). The clinical status of the cats tested showed significant differences (p = 0.003). Cats with respiratory and gastrointestinal symptoms gave high rates with 44 and 50%, respectively.
Discussion
Adenoviruses belonging to Mastadenovirus genus have a common, so-called genusspecific antigen (Wigand et al. 1982; Hierholzer et al. 1987; Wadell 1988; Hierholzer 1989; Horwitz 1990; Hierholzer et al. 1991) detectable by different serological methods employing polyclonal or monoclonal antibodies (Ádám et al. 1985) . This genus-specific determinant is present on the hexon of adenoviruses, and this is why purified hexon preparation was used as antigen to study the presence of antibodies against adenovirus in cats. On the basis of our results in indirect ELISA experiments 25% of 277 randomly selected cats were found to harbour adenovirus hexon antibodies. The retrovirusinfected cats had an adenovirus antibody prevalence of 50%. However, their number was too small to draw conclusions, but on the other hand it suggests the existence of a specific relation between FIV/FeLV and adenovirus infections in cats as it is known between HIV and adenovirus infections in humans (Hierholzer 1992; Sabin et al. 1999) . These findings need further investigation to be interpreted correctly. The seropositivity was higher in females (34%) being close to be significant and in cats with outdoor access (28%). This latter fact can be explained by the more intensive contact between cats resulting in elevated infection pressure. No significant differences could be detected except for age distribution and clinical status of the cats tested. The elevated prevalence in age group 0-1 yr (57%) is probably not related to specific maternal antibodies, because all but one cats in this group were over 6 months of age. Cats with feline lower urinary tract disease (FeLUTD) and diabetes mellitus gave low rates, whereas cats with respiratory and gastrointestinal signs showed high adenovirus antibody prevalence. This may generate questions about the pathological role of an adenovirus in cats, but the number of the cats was too low to interpret this finding properly. It is not easy to increase the sample size, because of limited access to large serum banks which are capable of providing proper history data. The other cause for the lack of significant differences may be the even distribution of adenovirus infection in cats. However, it seems to be evident that cats can be infected by adenovirus(es) naturally, and this was confirmed in the samples from the Czech Republic, too. Based on the relevant literature adenovirus infection can lead to pathological conditions among certain predisposing conditions (Khoo et al. 1995) . Our results suggest the same in cats, but further investigation and confirmation are needed. The presence of adenovirus(es) in cats -beside being a potential pathogen -may be relevant among future SPF exclusion criteria and in FIV vaccination studies using recombinant adenovirus as vector (Gonin et al. 1995) . This work is the first detailed adenovirus epidemiological study performed in cats based on relevant history data.
Adenovirová infekce u koãek. Epidemiologická studie v âeské Republice
Adenoviry byly v minulosti prokázány u ‰irokého spektra ÏivoãichÛ. Pfiedpoklad, Ïe se mohou vyskytovat rovnûÏ u koãek a vyvolávat u nich infekce, jiÏ byl téÏ potvrzen. V souladu s tûmito skuteãnostmi byla provedena studie zaloÏená na vy‰etfiení 100 náhodnû vybran˘ch vzorkÛ krve, odebran˘ch od koãek v âeské republice. PrÛkaz protilátek proti adenoviru byl realizován nepfiím˘m ELISA testem vyuÏívajícím purifikovan˘ adenovirov˘ antigen. Ve vy‰etfiovaném souboru bylo prokázáno 25% seropozitivních vzorkÛ. Vy‰‰í zastoupení pozitivních koãek bylo zji‰tûno u plemene domácí krátkosrstá (28%) zejména samiãího pohlaví (34%). Ve vy‰etfiovaném souboru byla u ‰esti koãek prokázána pfiítomnost retroviru, z toho u tfií kocourÛ s neomezen˘m pohybem mimo chov. Vy‰‰í prevalence adenoviru byla zji‰tûna u koãek vykazujících onemocnûní d˘chacího a trávicího aparátu. Prokázané skuteãnosti jsou ve shodû s v˘sledky dosaÏen˘mi u ostatních Ïivoãi‰n˘ch druhÛ i jin˘ch populací koãek a potvrdily v˘skyt adenovirové infekce u koãek v âeské republice.
